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DESCRIPTION
Probiotics are living microorganisms that can provide beneficial 
effects to aquatic animals when supplied in suitable amounts. In 
modern aquaculture, probiotics have gained considerable 
attention because intensive fish culture can create conditions 
that favor the accumulation of organic wastes and the growth of 
harmful microorganisms. High stocking densities, poor water 
quality, nutritional deficiencies, and environmental stress can 
reduce fish health and increase susceptibility to disease. The 
application of probiotics offers a biological approach to 
improving water quality, digestion, immunity, and overall fish 
performance.

Probiotic microorganisms used in aquaculture commonly 
include beneficial species of bacteria such as Bacillus, 
Lactobacillus, Lacto coccus, and certain other microorganisms. 
These organisms may be administered through feed or directly 
into the culture water. Their effectiveness depends on the 
microbial strain, dosage, method of application, fish species, 
developmental stage, environmental conditions, and duration of 
treatment. Therefore, the selection of an appropriate probiotic is 
an important consideration in aquaculture management [1].

One of the major functions of probiotics is the improvement of 
digestive processes. Beneficial microorganisms can produce 
enzymes such as proteases, lipases, and amylases that assist in the 
breakdown of dietary nutrients. Improved digestion may increase 
the availability of proteins, carbohydrates, and lipids for 
absorption. As a result, probiotic supplementation may 
contribute to better feed utilization, growth rate, and feed 
conversion efficiency in cultured fish [2].

Probiotics can also influence the microbial population within 
the gastrointestinal tract. The digestive system of fish contains a 
diverse community of microorganisms that can affect digestion, 
metabolism, and health. Beneficial bacteria may compete with 
harmful microorganisms for nutrients and attachment sites 
within the intestine. By influencing the composition of the

intestinal microbiota, probiotics can help create conditions that 
are less favorable for certain opportunistic pathogens [3].

Another important function of probiotics is the production of 
antimicrobial substances. Some beneficial bacteria produce 
organic acids, bacteriocins, enzymes, and other compounds that 
can inhibit the growth of harmful microorganisms. These 
substances may interfere with pathogen attachment, 
reproduction, or survival. Consequently, probiotics can 
contribute to biological protection against certain bacterial 
diseases without relying exclusively on chemical treatments or 
antibiotics [4].

The immune system of fish can also be influenced by probiotic 
supplementation. Fish possess both innate and adaptive immune 
mechanisms, with innate immunity providing an important first 
line of defense against pathogens. Probiotics may stimulate 
immune-related cells and increase the activity of defense 
mechanisms such as phagocytosis, lysozyme activity, complement 
activity, and other immune responses. Enhanced immune 
function may improve the ability of fish to resist infections and 
recover from environmental stress [5].

Probiotics may also improve resistance to disease by 
strengthening the intestinal barrier. The intestinal surface acts as 
an important protective boundary between the internal tissues of 
fish and the external aquatic environment. Beneficial 
microorganisms can influence mucus production and epithelial 
integrity, thereby supporting the physical and biological defenses 
of the gastrointestinal tract. A healthy intestinal environment is 
particularly important in intensive culture systems where fish are 
continuously exposed to microorganisms [6].

Water quality management is another important application of 
probiotics. Certain bacterial strains can participate in the 
decomposition of organic matter and the transformation of 
nitrogenous compounds. Uneaten feed, feces, and other organic 
materials can increase ammonia and other waste products in 
aquaculture systems. Beneficial microbial communities can assist 
in the biological processing of these substances, potentially
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improving water quality when combined with appropriate 
aeration, filtration, and routine management [7].

The reduction of ammonia is particularly important because 
elevated concentrations can cause physiological stress and 
damage to fish. Ammonia can interfere with gill function, 
metabolism, and osmoregulation. Some probiotic and 
bioaugmentation systems promote microbial processes that 
transform ammonia into less harmful nitrogen forms. However, 
probiotics should not be considered a replacement for proper 
water-quality management, since filtration, aeration, stocking 
density, feeding practices, and water exchange remain important 
[8].

Probiotics may also contribute to improved growth performance. 
Fish receiving suitable probiotic supplementation may show 
increased weight gain, improved specific growth rate, and better 
feed conversion. These effects may result from improved 
digestion, enhanced nutrient absorption, healthier intestinal 
microbiota, and reduced energy expenditure associated with 
disease and physiological stress. However, positive effects are not 
universal, and different probiotic strains may produce different 
results [9].

Stress is a significant concern in aquaculture because fish may 
experience stress during transportation, handling, grading, 
stocking, changes in temperature, fluctuations in dissolved 
oxygen, and variations in salinity. Probiotic supplementation 
may help fish cope with some forms of physiological stress by 
supporting intestinal health and immune function. Reduced 
stress can contribute to improved feeding activity, growth, 
disease resistance, and survival [10].

CONCLUSION
Erythrocyte osmoregulation represents an important cellular 
component of aquatic animal physiology. Through controlled 
ion movement, membrane transport, volume adjustment, and 
metabolic regulation, erythrocytes maintain conditions that 
permit continued oxygen transport under changing 
environmental circumstances. Further investigation across 
cultured species can improve knowledge of species-specific 
responses and help aquaculture researchers establish suitable 
environmental conditions for healthy blood function and 
efficient production.
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